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Physics Research by Computer Simulations — Is the ice melted and heated

by microwave applications ?

Motohiko TANAKA

(Received FEBRUARY 15, 2022)

This paper utilizes computer simulations to physical science and applications. High-temperature plasmas

and macromolecules are reviewed first including magnetic reconnection in space and DNA translocation

of the human body. The second topic is that water and salt-added saline solution are heated in elevated

temperatures by microwaves, while the ice is frozen in complete ice structures and cannot be heated.

The third topic is that a carbon-gold compound is driven by relativistic electromagnetic radiations and is

accelerated as a nanotube accelerator.

Keywords: frozen ice structure, carbon-gold nanotube accelerator,

high-temperature plasmas and macromolecules, computer simulations
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FIG. 1. The time history of (a) the average kinetic energy. (b) the average
Lennard-Jones energy, and (c) the average intermolecular energy per mol-
ecule, for the ice at temperature of 230 K. Microwaves are applied for ¢
>0, whose frequency is 10 GHz and its strength is 2.23X 10° V/cm or
Eopol kT300~0.42.
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FIG. 2. (Color) The geometrical arrangement of water molecules at ¢
=500 ps after the microwave application, for (a) the ice at 230 K and (b)
liquid water initially at 300 K. Enlarged edge parts are shown for (c) the
initial I ice, (d) the ice at 230 K [edge part of (a)], and (e) liquid water
[edge part of (b)]. The microwave frequency is 10 GHz and its field strength
Ey is Egpo/kTy~0.42 with Ty=300 K.
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FIG. 4. The time history of (a) the average kinetic energy, (b) the average

Lennard-Jones energy, and (c) the sum of average Coulombic and Lennard-
Jones energies per molecule, for liquid water of initial temperature of
300 K. Microwave frequency is 10 GHz and its strength is Epo/kT,
~0.42.
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L, XL THIEMICEE LR EILETHY, £
DOIBEREN T & X EAERE T OFEFEZE R & R 22/
DB B,

ZOHOFETIE, Wik X ONRlEsEE) /o HE L7
KOFT, BOBETET/EL TS W, @HO
HA N H-O-HIZIZ, R57KEOXI—HA | (E
WiEB 2 72\) O 2 5E M7= TIPSP 7 AhMiED
M, BRAIMEFITI Y 0, KFEiT +£0.241e TH D 195,
ZZTIHLL fii & DT o B A - THRT, £
WC e B, 40T RITGESRY b, ¢
R~ T MV, WFH LT H7OREE~ M) v 7 R
ALT2L, r=R+ A" Thsd, ZZTAITA
DW= hY v 7 ZATHY, A% TEAIEFE L [
JERE DA L L 1),

2(6163 — 6062))
2(e1ea —ege3)) €2 —e3 +e3 —e3 2(ezez +eger))
2(6163 + 6062))

ed+e? —e3 —e3 2(eren +epes))

2(ege3 — eger)) €f — €3 — e + €2

P )

THD, e = Cosgcos#, e; =sinfcos®5%, ey =

singsin%, e3 = cosgsin# ThVy, 0<0<m,
0< ¢, <2n DAETH D,
FREEDSTRT X LDb &, RE—FEDL &
TEREOT Yo7kt L, EWRREIZBWTT v
WNCEDEfE = — RAPFET 5 19, Lo LIRE—&
DOE&MEHNT L, WHEEBNI - TH DAY, [AlfimEE)
X/ ARV ERICRRIETH D, 5%/ A ALY/
SVME G LUV Z RO 21— R R 2TV 2,

IV RE-EA4AF2DF/ Fa—TE:R
IV.l HFERYIRIDLABRKXOL FEHZE
TRV —RL R A > CAED R AR B
LT, i) Fa—TnbART oEmEe — 0%
MR L7z, Z ORI T TOME, i
Tal—varThy, SnoEENL D, 2
BB L O~ 7 o RO RERE 5 L LT, [EEO
Bt #FO% T, BT, KRB, BORTZRLT—
BT DOWT, BRI TE TR 7218, Hix
INSTRBRZEDE B A WD, WEITEEEEH -7
B I 2L —2a VMTR D,
BZDHVAT AL 3 WILERERORBKRETH Y,
R OB IEFEEMER T, —F, BEESITEROMEE

S/kd 31K, 5{KEF /LTI, https://ja.wikipedia.org/wiki/
KET N, 125 OPBEFEHRNIEINTND
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Figure 7: L —H —i#J% W /cm? & &0 A 4 L ALIKKE,
XEIDO L —HPF—38EN T I 2 L—3 3 U E2ITo T E,

BEM TR B 720, FURE B AT 2R T R
5, B, ERICK LT, (a) v v 2 A=A ARER,
(b) FIEERRO 2 EB) F R 5 &, D~
7 A% = VA RERI,

(1/¢)0B /0t = —V x E, (16)

N
(u@aEﬁﬁ:<7xB-wyﬁqijgmsw—rm
= (17)
N

V-B=0, V'E=47TZC]Z'S(’I"—’I"Z')
i=1
Thbd, ZZTE,BITENTNEY, METHY
c VIO, /0t ITRFM DRIy, V IXZEH ORMST,
N TR 75, g (XER, v R, (17) OFLE 2
THILEMEE, (18) 0F 2 NALIXEBEWMEETH D,
HAZFR & LT CGS HAR 7013 MKSA HLAZHA
BRAWHNDA, CGS BALFRZ W56 130 d E
DEOEERND, ZHUDNHEGIFAT I ENHHEH
Thbd, MKSA B2 E W5 & XX, 200EHE
LT, ERER e &BESUER po = 47 x 10~ "kgm /C?
Thh, RS ICHEE TR,
FEFRNZ TV VR FRIN 7R 2] 5 Z & 20 TEi 1%
TEZ2D, Zokx, EEEp, BEr 220 TO
EH) SR,

(18)

N
dp;/dt = = Vgiq;/ri; + U (ri,15)]

j=1 (19)
+%Wﬂmﬂ+%xBWM»
dri/dtzvi, y o :mi'ui/\/l— (’Ui/c)2 (20)

LB, ZIZT, d/dt IR oMy, (19) AL T
TR F A2 Fr RO TR, RO Rz b2 57
WIZLI AT v (111 2K) # H b, Er i

Figure 8: TEMIIZLV T/ T2 —T B —LnDHEE
BT« K - @A A LETO L —F—Inkes,
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Fro L AT, L—HF L 7 % 1017W/em® Th
%, HHEITt=0,4,8fs TH D,

Enbr—ulifl LI HOHE5 %5 & Kol fEY
Thbd, INEWRDDTD, (1) DV - E =4mp &
ZERIE IOV TS 190, ZREBIERAT v 712D
WTHR LT, ZORRERAT v 7ITHI &Mk,

CORREICITEENLET, BB TO—T
2 (Courant-Friedrichs-Lewy condition) (25T
FlREND, T72bb, RNORSAT v 7 EERHA
Ty 7O, L TRHEIZOWT

Az/At > ¢ (21)

DOBMERMETH 5, TN INRNE XX,
EARLEENEAT v 7DD BICHAET D, Ziuxd
ICHERTE %,

Figure 7 ClE, L—F—#% W/cm® L&A 4>
{LIRRED RS 2 7R T, & A A NIk A DA Ak
BEARHY, 20 Ialb—3 3T 2015 70 i
DOFPHTH~TUND,

JFETH ) Fa—T7RNICACIADTZBT, KR, &
AFUBIPEFITHLT, D LEER-ADFmNS
P ZAR O ERGE A BN 5, FAfHETH ) Fa—
THRIFEIME LT, IEHMAS SV RERE L5 - T
W<, Figure 8 TR SN DR AREDOERFZ /R LT
Do WL —HF—REOLEAIE, FFHO 60 7 =4 b
(6 x 10714 8) TA A2 BNRFICHE & H L CE
SNb, —F, IR0 & X, 20 7= A b
o CHREFNCIME E N D e A 42 &) 40 MeV THE
FHANEY £E5mEEE TN ERI D,

Figure 9 1344 A 12 2WTC, A A AL 20 i 5
TOfiDT I =2 b—3 3 VORIRBIZOWT, AT - 8
Iﬁjﬂ_’ﬂo)ggﬁ\%ﬁ (UH,’UJ_) 7&?/7?“9‘*0 20 ﬁﬁ@ L "éf li7k
- FEE T IS FRICHE MR TERL S 41D, 70 A
WZEBWTIIEFRIER TH U, A A IO EE S
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MHETR > THOTWD 2, B3R IS R & VIR
TIRUES,

L—F—BREE A 1018W fem?® 7> S AR IRECTd D
102W /em® @ & & DIF#&T /L ¥ —% Figure 10 |2
Y. A O EROTEK T, BT F—I3E
Wz ERT 5, &4 4 NTREMICKE enE %5
BN, BRI ASVANED EREINEERIZESL Z &
1%, DRICBVTHETRE L THS,

IV.2 XEAFEFEDEST

RE RIS AT D%l 5 72, KENGHIF R &
LTEL@EA—N—a L a—& FX100 /M L7
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7 LHEECIEMPICH A v 4 —7 =— A% H\WTC, ki
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TEHN & ZAEN S8 LTl FIbd 5 2 &g mIcAT
bivd, Lo, ERESHEHIE M < 438 LTSI
ST D1 TR RS BT D 18 19),

IURANVEFATRIERICK T T2 L, v U T VE
HEWHFREE T2 EIE LW E B TE 5,
FRBFH (elapsed time) 1%, R+ —w GO 5EIE
L ITLRIBRIE OFREN, 52 77 (WHIE) 08
AT 5.1 sec/step (Z78 %, ZIIUTKI LT, &z /)
S PEILIAIERTITD &, o r—migl
BT 4.0 sec/step & 720, FHERFRH]IL 2 BIFLEE X
WL 7o TV B,

V F&H

R KRFFUETHE O & Z I THERA Y B OERIN
WFE T 7278, W b BRI 258 L CBRBERi
OEEVEZE L T D, LR IS EYE O &
R7 7 XA~OMEx, Hmifezad, 0%,
TAVADAY—F 2 FR¥%TPhD. B E LT
BRERAF TR & foed,  HUERRSSUPE] 361 T 2 BEE R o
BFRAT 20 o= FL X — BT DA R 2D Rk
L7z, 1996 FFiZ~ YT a—& v Y TRKFIZ 1 EF
ELTC, @4 7emy OIS & BkE S > T
5 BRER O EAT 5 12,

Z OfEFLTIE, VIDICEIRT T XA~ L& OB
Mo Eak~7=, ZD%IZ, v 7 viEizs T
IR AT M DK DR A TR L C, <A 7 1k
ZMZTHREME L2 E2HRIC I VR L, &k
2, RFE-EBAA DT ) Fa—TINEERTIE, B
WA RS2 = & CHHDB M ERR S5 3B
Lz b—va U EIRART,

oIt AN sE2csbshizZ ik, &
B S 2 L—a TR E RIS AN L N - T
W5, LZAT, BLHEAITo TS E, HEHWA
TELRWERDE N D, TOL EITMGEEZE L T
IEL S Z2MRT 52 ENIFFICRUITHY, EE L
LTHRCE L2, 2 b mTH LW —~ %
PESRL, BB I 2L— a2y, £2<DAL
LIOEEREIFETNEZN,

HE

ZOWRIZBNT, EHIIZOT AV, KA,
7T R, BROMEE, KANbLiEmLE L,
BIAR— Wz, B FEAREIR, A.Yu.Grosberg %,
M.Deserno ZiZIL[A] UHERZE, 0 HAEEILERE &
L Cifiim & RMEIRD E Lz, MEEZEL ZOFRA
X VB OERERS A, (LHMB-FeAlC, BEORIET
1T D. P. Allen JEAICBHEGZR Y E Lz, RV
DEIZBWTERFERGAE, £ LR BRI
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We UET, WFFRE I OSCEE R st 8 (RHETAFZE
REHE) I~A 7 vl &y FRNERBER OB - 77
FE IR (5 AFEM) 2T E L, BHRAEITO 72
W, EIEMARENEH Y 7 A~y Ialb—F—%
HAnE L,

Appendix A : ¥—OVEEBADRR

7 —nua BT R L Y — e VRITEV S O
THY, HL1E (10) 128X AR LTz, 305 O
TSRS Th Y, ERErERWT, 7—1
TEWFFT IC LY 3 KT ERALTRD S 2, %=
DERAX (12) 1E, (g, ny, n,) IOV T sine D%
EMTH D, BHMOZEMMEFEE My, My, M,, &
S%& L (CLHEo L x), 2HEME n = 1,2,..., M,
ne=12,..,M, ng=12,..,M, LEI L, GBX
K 1329,

G(nagyny,n,) = (2M,M,M,/L?)x 22)
[dn(ng) Ky + dn(ny) Ky + dn(n,) K],

2
K(ng,ny,n;) = Z (nx,ny,nz)%x
ni,n2,n3
. ng + Myng 2P . Ny + Myno 2P
sinc <]W;p) sinc (Z\@) X
. n; + Man 2P
Sinc (%) .

(23)
ZZT, dn(n,) ®FEALILL O (13) 250k Uiz, &
BMPIX1IULOBRETH DD, LEM LR
SE/ND P =3 %o Tn5, M AA L LTI
KATHEZBILD,

2P
M,
A(ng,ny,n;) = Z sinc<w> X

ni,n2,n3 Ml‘
2P 2P
. Ny + Myno sine n, + M,ns
sinc | ——2— inc [ ————
M, M, ’

(24)

A(ng,ny,n.) = dn(ng)? +dn(ny)* + dn(n,)?. (25)

Appendix B : MKSA B R THOAER

MKSA & CGS OIEAHALORNICIE 1 % 1 OXIREI%R
DD, MKSA BN RICEBWTIE, MHEMEIXT =
e? /AmegeakpT CTEFSIND, T I T, elXEM, ¢ =
8.854 x 10712C? /Nm? ITBESERK, o IR 7 RIHREE,
kg XA VY~ U, TI3HBETH DD, el
MR ITCOFEER TH D, ne “BTHEE, m. &%
BElLToE, TAALEREEBTT T ARBHHL,
Ap = (eokpT/n.e®)V2, wye = (nee?/egm,)/? L5
bbb,
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Sy BB TIE, MKSA BZRIZEWTIE (4) &
Q2 Jeomsk? EEXWZ HULENRDH DL, —77, (5) T,
Wpe & wpi 1T €9 ZHATEY, EHOLINIRU,

EE)TRATHES (7 —w o) oL Eid, FE
MEAEIHTL,

) d’Ui

Qi T — T
m; o qiq; % 7

N
= (26)
et dmeory; 1y

ToD, r; 151 FRIFOREFE, v, ITHEE, m; 1ITEE,
¢ VXERF, NIXKLFE, d/de (XREE OMSy, ri; =
lri —rj| TH D, JOENX Fo(r) T, CGS HALHK
D qiq; %, MKSA HZRD q,q;/4meq & EET UL
v,

TG &l b~ 7 A0 2 VHFREAIZ OV T,

OB(r,1) /0t = —V x E(r,1), (27)
eopoOE(r,t)/0t =V x B(r,t)
N 2)
— o Y qiS(r —ms), |
i=1
V- B(r,t) =0, (29)

V-E(r,t)= (1/60)2%‘5(7"—7%)- (30)

ZZT, EiXEYS, BIIWMETHY, Sr)ixr—0
IR 2 T ED L (WIRKR+) Th b, 7o,
po = 4m x 10~ "kgm /C? IIMKEHTH 5,

FEH A 7 B8 SR AUC B LTI, EER p, & R
FE o, lZOWT,

N

% = - \% ij47T‘€ Tij (I)’I“Z',Tj
dp /dt ; (945 /4meors; + B(ri, 7)) (31)
+ ¢i[Er(ri,t) + v X B(r;,1)],
dr;/dt = v;, p; = mv;/\/1— (v;/c). (32)

WHSET %, 22T, el e = 2.998 x 108m/s T
HD, O(ry,r;) X LI AT vy (1IIL1 BM) T,
REFEY Er(r,t) 1% E(r,t) 205 (31) 4305 1 HO
Vl0giq;/Ameori; + @ (ri,rj)] ZZ LW b D TH D,
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